Introduction
In recent years dehydroamino acids have shown to be versatile substrates for the synthesis of novel amino acids. [1, 2] We have been interested in the synthesis of benzo [b] thienylamino acids that can have biological activity or can be used as fluorescent probes when inserted into peptides. [3] Using several differently functionalized benzo[b]thiophenes we were able to synthesize new amino acids and dehydroamino acids either by Suzuki coupling or by sequential Michael addition and C-C (Suzuki) or C-N palladium catalyzed cross couplings.
[4a-c]
Some ethynylamino acid derivatives have been isolated from microorganisms or prepared by various methods and have shown biological activities. [5] Sonogashira cross-coupling have been used in the synthesis of alkynylamino acid derivatives having the triple bond either in the amino acid side chain [6, 7] or in the amino function. [8] Here we describe the use of Sonogashira cross-coupling for the synthesis of dehydroamino acids reacting β-bromo or β, β-dibromodehydroalanine derivatives with several phenylacetylenes. The extra functions of some of the coupled products were reacted with functionalized benzo [b] thiophenes by palladium catalyzed (C-C or C-N) cross couplings. The acetylenic dehydroamino acids obtained can have biological activity and some of them can be used as probes when inserted into peptides due to their fluorescence properties.
Results and Discussion
The methyl esters of
N-(tert-butoxycarbonyl)-(E)-β-bromo
[4a]
and β, β-dibromodehydroalanine [4c] were coupled with several phenylacetylenes under different Sonogashira conditions to give the corresponding coupled products (Scheme 1 and Scheme 2).
The coupled products (E)-1a-c were obtained in good to high yields (60-90%) from the
methyl ester of N-(tert-butoxycarbonyl)-(E)-β-bromodehydroalanine, under the usual
Sonogashira coupling conditions [6, 9] (Scheme 1). In this reaction NEt 3 is usually used as base and solvent (~18 equiv.) but in our case it was necessary to add a small amount of acetonitrile due to the low solubility of the starting materials in NEt 3 .
The stereochemistry of the products was determined by NOE difference experiments, observing an enhancement of the βCH signal when the αNH was irradiated. 
Br
The reaction yields significantly increased with the para-substitution in the phenylacetylene either with a bromine atom or an amino group.
The same reaction conditions applied to the coupling of the methyl ester of N-(tertbutoxycarbonyl)-β, β-dibromodehydroalanine with 4-aminophenylacetylene (2 equiv.) gave only the monosubstituted derivative (E)-1b in 35% yield and the corresponding phenylacetylene dimer in a significant amount. The isolation of the E-isomer could be due to the fact that the first oxidative addition occurs at the less hindered side of the carbon halogen bonds as observed by other authors with 1,1-dibromo-1-alkenes. [10] After several experiments the best conditions to obtain disubstituted coupled products from the β, β-dibromodehydroalanine derivative are shown in Scheme 2. Compounds 2a-c were isolated in moderate to good yields together with a small amount of the corresponding monosubstituted (E)-isomer and the phenylacetylene dimers. The change of NEt 3 to Cs 2 CO 3 shown to be crucial 4 in order to obtain the disubstituted coupled products. In fact even lowering the amount of NEt 3 to 9 equiv., in the coupling of phenylacetylene with the dibromo compound only the monosubstituted compound (E)-1a and the phenylacetylene dimer were isolated. The use of 1.4 equiv. of Cs 2 CO 3 gave the best yields for the disubstituted compounds. In the coupling of 4-aminophenylacetylene using 2.8 equiv. of Cs 2 CO 3 , the disubstituted product 2b was only obtained in 10% yield together with 20% of the monosubstituted (E)-1b with increase of the amount of the corresponding dimer. Higher yields of the disubstituted products were obtained when the reactions were carried out at reflux of acetonitrile instead of room temperature and when PdCl 2 (PPh 3 ) 2 was used. Compound 2a was obtained in only 25% yield together with the (E)-1a in 27% yield and the corresponding acetylene dimer, using the best conditions but stirring for 18h at room temperature. Suzuki cross coupling conditions [4b] with compound (E)-1c to give compound 3 in 50% yield and 3,3'-bis-benzo[b]thiophene (18%) (Scheme 3). Compound 2c was reacted with 7-amino-2,3-dimethylbenzo[b]thiophene [4b] under C-N palladium-catalyzed cross-coupling conditions [4b] to
give compound 4 in 40% yield together with the starting aminobenzo[b]thiophene (40%) due to some decomposition of the starting dehydroamino acid (Scheme 4). were studied with the aim of using these compounds as fluorescent probes.
(E)-1c
The absorption spectral features of compounds (E)-1b and 2b in dichloromethane are very different (Fig.1) . The red-shifted absorption of (E)-1b suggests a large delocalization of the aminophenylacetylenic electronic distribution over the entire molecule, lowering the Franck-Condon energy gap. The linkage of a second 4-aminophenylacetylene strongly perturbs the spectral profile of compound 2b, shifting its lowest energy absorption band to shorter wavelenghts and splitting it in two components. These findings suggest the occurrence of a strong electronic coupling between the two phenylacetylenic groups in compound 2b. The exciton-like character of this interaction is proved by the splitting of the lowest energy absorption band, while the shift to shorter wavelengths indicates the predominant stabilization of the chromophore ground state with respect to the electronic excited state.
This interaction is also responsible for the different fluorescence properties of the compounds (E)-1b and 2b (Fig.2) . The emission of (E)-1b is hardly detectable, implying that its lowest energy excited state decays through very efficient non radiative relaxation processes. This is probably due to the electronic coupling of the phenylacetylene moiety with non radiative electronic states of the dehydroamino acid (internal conversion). states, [11] as consistently shown by the fluorescence properties of the compound 2b in acetonitrile (Table 1 ). The time-resolved fluorescence decay of the latter compound is described by a two exponential function in both solvents studied, implying that at least two different electronic states contribute to its emission. The absorption spectra of the compound (E)-3 is dominated at low energies by the π,π* The fluorescence time decay of compound (E)-3 is described by a single exponential function (Table 2 ) and its emission quantum yield is notably higher than that one of compound 4, as shown in Figure 5 . These findings suggest that the excited state electronic distribution of (E)-3 is localized on the phenylacetylene moiety.
The emission quantum yield of compound 4 is very low and its time decay is described by two time components (Table 2 ). Due to extensive overlap between the aminobenzothiophene fluorescence and the phenylacetylene absorption a complete intramolecular energy transfer process occurs, leading to emission only from the phenylacetylene moiety. The presence in compound 4 of an amino group (a strong electron donor) bridging the benzothiophene and the phenylacetylene group distributions favors the formation of an intramolecular charge transfer (ICT) state. ICT states are characterized by very low quantum yield and relatively slow decay times, [11] as revealed by the second time component (Table 2) These preliminary results suggest that compounds 2b and (E)-3 can be used as fluorescent probes when inserted into peptides. A proper selection of the chromophores and the fine tuning of the interactions that involve the aromatic moieties could be usefully exploited to modulate the fluorescence properties of the newly designed compounds.
Conclusions:
Several new acetylenic α,β-dehydroamino acids were prepared using Sonogashira cross- The photophysical properties of four of the compounds obtained, were studied. The results suggest that two of them can be used as fluorescent markers.
Experimental Section
General Remarks: Melting points were determined on a Gallenkamp apparatus and are uncorrected. and evaporated at reduced pressure giving an oil, which was submitted to column chromatography.
Boc-(E)-∆Ala{β-[2-(phenyl)ethynyl]}-OMe (E)-1a:
Column chromatography using solvent gradient from neat petroleum ether to 50% ether/petroleum ether, gave product (E)-1a (178 mg, 60%) as an oil. 
Boc-(E)-∆Ala{β-[2-(4-aminophenyl)ethynyl]}-OMe (E)-1b:
Column chromatography using as solvent ether, gave 
Boc-(E)-∆Ala{β-[2-(4-bromophenyl)ethynyl]}-OMe (E)-1c:
Column chromatography using as solvent gradient from neat petroleum ether to 40% ether/petroleum ether, gave product (E)-1c (304 mg, 80%) as a solid.
Recrystallization from ether/petroleum ether gave colourless crystals, mp 123.1-124.1 ºC. 228 mg) were added, followed by the alkyne (4 equiv.), with rapid stirring at 85ºC for 1h 30min, under argon. The acetonitrile was removed under reduced pressure and the residue was dissolved in 15 mL of ethyl acetate. The organic layer was then washed with water and brine (2 × 15 mL each), dried over MgSO 4 and evaporated at reduced pressure giving an oil, which was submitted to column chromatography on silica.
Boc-∆Ala{β,β-bis-[2-(phenyl)ethynyl]}-OMe (2a):
Column chromatography using solvent gradient from neat petroleum ether to 80% ether/petroleum ether, gave as less polar product the dimer of the phenylacetylene (22.0mg) 
Boc-∆Ala{β,β-bis-[2-(4-bromophenyl)ethynyl]}-OMe (2c):
Column chromatography using solvent gradient from neat petroleum ether to 20% ether/petroleum ether, gave as less polar product the dimer of 4-bromophenylacetylene as a solid (10mg) (0.03mmol, 35.0 mg) and Na 2 CO 3 (0.600 mmol, 63.6 mg) in DME/H 2 O (10:1) at 90 ºC, for 3 hours. After cooling, water and ethyl acetate were added and the phases were separated. The organic phase was washed with brine, dried over MgSO 4 , filtered, and evaporated at reduce pressure to give an oil. Column chromatography on silica using as solvent gradient from neat petroleum to 30% diethyl ether/petroleum, gave product (E)-3 (65.0 mg, 50%) as a white solid. Recrystallization from diethyl ether/petroleum ether gave colourless crystals, mp 142.8-144.0 ºC. with stirring at 100 ºC under Ar for ca. 1h 30 min.. After cooling, water and diethyl ether were added, the phases were separated, and then the aqueous phase was washed with diethyl ether (3 x 10 mL). The organic phase was collected, dried over MgSO 4 , filtered, and then the solvent was evaporated at reduce pressure giving a brown oil, which was subjected to column chromatography after traces of toluene were evaporated using MeOH. Solvent gradient was used from neat petroleum to 50% diethyl ether/petroleum ether, giving product 4 (44 mg, 40%) as a brown oil. 
